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MICROARRAY COMPRISING PROBES FOR DRUG-RESISTANT HEPATITIS B 
VIRUS DETECTION, QUALITY CONTROL AND NEGATIVE CONTROL, AND 
METHOD FOR DETECTING DRUG-RESISTANT HEPATITIS B VIRUS 

USING THE SAME 

5 ^ 

TECHNICAL FIELD 

The present invention relates to a microarray for detecting a drug-resistant 
hepatitis B virus (hereinafter, referred to as "HBV"). More particularly, the present 
invention relates to a microarray comprising target probes for detection of drug-resistant 
10 HBV, quality control (QC) probes for quality control of microarray fabrication and 
hybridization, and negative control probes for determining the presence and ratio of one 
or more wild-types and mutants and detecting positive and false positive probes by 
measurement of a background of nonspecific cross hybridization attached to a support, 
and a HBV detection method and a HBV diagnostic kit using the same. 

15 

BACKGROUND ART 

It is estimated that 5-6% of the Korean adult population and about 5% of the 

global population, i.e., 350 million of the global population, are chronic hepatitis B virus 

carriers [Chutima Pramoolsinsup. J Gastroenterol Hepatol, 17: S125-S145 (2002)]. 

20 The ultimate treatment of hepatitis B is to suppress proliferation of HBVs, thereby 

preventing liver damage and thus the progress to hepatocirrhosis or liver cancer. 

There have been many studies of immunosuppression and antiviral therapies for 

chronic hepatitis B, and the like. In the 1980s, interferon was introduced as a 

treatment of chronic hepatitis B. However, there arose problems such as cost 

25 ineffectiveness, parenteral administration, drug resistance, side effects, and recurrence 

after treatment. In view of these problems, lamivudine (3-TC) was approve to be safe 

and efficient for the treatment of hepatitis B [Seong Gyu Hwang, Korean Journal of 

Hepatology, 8: 93-100 (2002)]. 

Lamivudine ((-)-£ -L^'^'-dideoxy-S'-thiacytidine), which is a nucleoside 

30 analogue, mainly provides two mechanisms against HBV proliferation. According to a 

first mechanism, lamivudine inhibits the activities of both DNA-dependent polymerase 

activity and RNA-dependent polymerase (reverse transcriptase) activity of HBV DNA 

polymerase.. That is, lamivudine prevents HBV proliferation by inhibiting the synthesis 
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of minus (-}-strand DNA from pregenomic RNA by reverse transcriptase and the 
synthesis of plus (+)-strand DNA from minus-strand DNA by DNA polymerase. 
According to a second mechanism, lamivudine serves as a chain terminator to prevent 
the elongation of HBV DNA. The proliferation of HBV can be prevented by the 
5 combination of the two mechanisms. 

It is reported that as the duration of lamivudine administration increases, the 
negative conversion rate of HBV DNA, ALT (alanine aminotransferase) normalization, 
and HBeAg seroconversion rate increase. It is also reported that long-term lamivudine 
therapy for HBeAg negative, anti-HBe positive, and high serum HBV DNA concentration 

10 pre-core mutant (10-15% of HBVs in Korea) provides excellent biochemical and 
virological enhancement effects. However, 12-month and 24-month cumulative 
recurrence rates after administration of lamivudien are as high as 37.5% and 49.2%, 
respectively [Song BC, Suh DJ, Lee HC, Chung YH, and Lee YS. Hepatology, 32: 
803-806, 2000]. For this reason, long-term (more than one year, generally) 

15 administration of lamivudine is required. The long-term administration of lamivudine 
can cause HBV mutations associated with lamivudine resistance in patients with 
chronic hepatitis B, resulting in continued HBV proliferation. Long-term use of 
famciclovir, which is another nucleoside analogue, can also cause continued 
proliferation of a famciclovir resistant virus. 

20 Recently, it has been determined that adefovir, which is a new antiviral 

nucleoside analogue, prevents lamivudine- and famciclovir-resistant viruses fro 
emerging due to the long-term use of these drugs. In this respect, it is reported that 
adefovir is a solution to problems associated with lamivudine- and famciclovir-resistant 
viruses [Seong Gyu Hwang, Korean Journal of Hepatology, 8: 93-100 (2002)]. Early 

25 diagnosis of drug-resistance in patients with chronic hepatitis B is very important for 
individual-specific treatment, for example, to determine whether various drugs can be 
prescribed together to a patient. Therefore, an early diagnosis technique and an 
accurate, quick drug-resistance determination technique are required for effective 
treatment of HBV drug-resistance. 

30 Conventional HBV detection methods can be used only for HBV DNA detection. 

Enzyme immunoassay (EIA) and radioimmunoassay (RIA) for HBV DNA detection are 
relatively simple because automatic systems are used therefor but are not sensitive 
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enough to detect mutant HBVs in resistance tests. A PCR technique is known as a 
highly sensitive method but cannot be used to detect point-mutant HBV. 

Generally, viral resistance in antiviral therapy is defined by the increased viral 
DNA levels in serum during therapy (also defined as phenotypic resistance) and the 
5 selection of a mutation in a viral polymerase gene that is not detectable in major viral 
species prior to therapy and not found in the consensus sequences derived from data 
banks (also defined as genotypic resistance). However, a more detailed definition of 
the phenotypic resistance requires in vitro tissue culture, especially when identifying a 
new mutation. For the definition of the genotypic resistance, up to now, as the 

10 standard for the clinical definition of virus resistance, i.e., detection and diagnosis of 
virus resistance, studies of the sequence-based molecular assays of viral polymerase 
genes such as direct sequencing of PCR products (Ling et al., 1996), restriction 
fragment length polymorphism (RFLP) analysis of PCR products (Chayama et al., 1998 
and Allen et al., 1999), a line probe assay (Stuyver et al., 2000), and a clonal analysis 

15 (Seigners and Stuyver et al., 2000) have been performed. Hitherto, however, there 
have been no reports of a virus resistance assay using a DNA chip or an 
oligonucleotide chip that can detect single nucleotide sequence variations and can 
detect various mutations in only one experiment [Fabien Zoulim. J Clin Virol., 21: 
243-253,2001]. 

20 The term "microarray" refers to a biochip including biomolecules such as DNA 

and proteins immobilized at a high density on a microsized substrate made of glass, 
silicon, or nylon. By assaying a binding pattern between target materials of interest to 
be assayed and the immobilized biomolecules, i.e., probes, genes or proteins 
associated with a specific disease can be detected. Microarrays can be referred to as 

25 either DNA chips if DNA is immobilized or protein chips if proteins are immobilized. 
DNA chips can be classified into pin microarray chips, inkjet chips, photolithography 
chips, and electronic array chips according to a method of immobilizing DNA on a 
surface of the DNA chip. 

A microarray assay involves spotting target probes onto a support using a 

30 spotter, hybridizing target materials to the target probes, and scanning for analysis. In 
the fabrication of microarrays, quality control (referred to as "QC" hereinafter) of 
microarray elements is very important. In particular, the immobilization of target 
probes is a critical factor that determines the quality of microarrays. In this respect, to 
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obtain highly reliable results from experiments and diagnoses using microarrays, there 
is a need to check the quality of the microarrays, especially to determine whether the 
immobilization of target probes is successful, prior to hybridization. In the present 
invention, QC in immobilization and hybridization in the fabrication of microarrays can 
be achieved by immobilizing both target probes and reference oligonucleotide QC 
probes on a support. 

Drug resistance in HBV may be induced from a single wild type or mutant alone, 
a combination of a wild type and a mutant, or a combination of different types of 
mutants. It is very difficult to determine the presence and ratio of more than one type 
in the combinations of different types. 

However, for more accurate diagnosis, the presence and ratio of more than one 
type must be determined and positive and false positive probes must be discriminated 
by measuring a background of non-specific cross-hybridization. In the present 
invention, to this end, negative control probes artificially modified not to contain all of 
the sequences of target probes are used. By measuring a background of non-specific 
cross-hybridization between target products and the negative control probes, which do 
not match the sequences of the target products, the presence and ratio of more than 
one type can be determined and positive and false positive probes can be 
discriminated. 

To detect drug resistance to lamivudine and famciclovir, the inventors have 
developed an oligonucleotide chip including target probes that specifically react with the 
drug-resistant HBV. Using the oligonucleotide chip, instead of conventional serological 
methods for HBV detection, drug-resistant mutants occurring due to, for example, 
sequence substitution, in addition to the presence of HBVs, can be rapidly and 
accurately detected. In order to prevent drawbacks and inefficiency in quality control 
using conventional microarrays, a mixture of target probes for drug-resistant HBV 
detection and fluorescently-labeled QC probes is spotted onto a support of the 
microarray. In order to determine the presence and ratio of more than one type and 
discriminate positive and false positive probes by measuring a background of 
non-specific cross-hybridization, a mixture of negative control probes, which are 
sequence modified from the target probes for homozygotes and heterozygotes 
discrimination, and target probes is spotted onto a support of the microarray. Using 
the microarray according to the present invention, it is possible to detect a 



WO 2005/012573 



PCT/KR2004/001940 



drug-resistant HBV, check the qualities of the individual probes immobilized on a slide 
prior to hybridization, determine the presence and ratio of more than one type, i.e., a 
wide type and a mutant, discriminate positive and false positive probes, and 
discriminate homozygotes and heterozygotes. This method of using the microarray is 
5 economical, rapid, and accurate. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1A illustrates a microarray according to an embodiment of the present 
invention, in which a) illustrates a plurality of sets of spots on a support of the 
10 microarray, each set containing target probes for drug-resistant HBV detection and 
quality control (QC) probes, b) illustrates a set of probes among the sets of a) 
immobilized on the microarray, and c) illustrates the types of the probes of b) 
immobilized on the microarray; 

FIG. 1 B illustrates a microarray according to another embodiment of the present 
15 invention, in which a) illustrates a plurality of sets of spots on a support of the 
microarray, each set containing target probes for drug-resistant HBV detection, QC 
probes, and negative control probes for determining the presence and ratio of more 
than one type of HBV and for measuring a background of non-specific 
cross-hybridization, b) illustrates a set of probes among the sets of a) immobilized on 
20 the microarray, and c) illustrates the types of the probes of b) immobilized on the 
microarray; 

FIG. 2 illustrates QC probes for verifying the immobilization and hybridization of 
target probes; 

FIGS. 3A through 3C illustrate the results of scanning a slide before washing 
25 after the immobilization of a mixture of QC probes and target probes in a predetermined 
ratio as in FIG. 1A; 

FIGS. 3D through 3E illustrate the results of scanning a slide before washing 
after the immobilization of a mixture of QC probes, target probes, and negative control 
probes in a predetermined ratio as in FIG. 1B; 
30 FIG. 4 illustrates the result of scanning a slide before washing after the 

immobilization of only target probes for drug-resistant HBV detection without QC 
probes; 

FIGS. 5A, 5B, and 5C illustrate the results of hybridization specific to probes for 
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drug-resistant HBV detection when using a susceptible wild type HBV (FIG. 5A), a 
drug-resistant HBV with YVDD mutation at codon 552 (FIG. 5B), and a drug-resistant 
HBV with YIDDD3 mutation at codon 552; 

FIGS. 6A, 6B, and 6C illustrate the results of hybridization using viruses 
5 including more than two types, in particular, wild type YMDD and mutant YVDD at 
codon 552 (FIG. 6A), mutant 528MM at codon 528 and mutant YVDD at codon 552 
(FIG. 6B), and mutant 528MM at codon 528 and mutants YVDD and YVDD3 at codon 
552 (FIG. 6C); 

FIGS. 7A, 7B, and 7C comparatively illustrate the results of nucleotide 
10 sequencing (FIGS. 7A and 7B) and an array using the microarray according to the 
present invention (FIG. 7C) using the viruses of FIG. 6C; and 

FIGS. 8A through 8D illustrate the results of non-specific cross-hybridization 
background measurements using negative control probes, in which FIGS. 8A and 8B 
illustrate the results of scanning the microarray of FIG. 1B, and FIGS. 8C and 8D 
15 illustrate the results of hybridization using microarrays for drug-resistant HBV detection. 

DETAILED DESCRIPTION OF THE INVENTION 
Technical Goal of the Invention 
The present invention provides a microarray for the rapid and accurate diagnosis 
20 of drug resistant-HBV. 

The present invention also provides a microarray including fluorescently labeled 
QC probes that is capable of detecting and diagnosing a drug-resistant HBV based on 
only one experiment and quality controlling probe immobilization and hybridization. 

The present invention also provides a microarray including negative control 
25 probes that is capable of determining the presence and the ratio of one or more wild 
types and mutants, discriminating a positive probe that matches a target sequence and 
a false positive probe that does not match the target sequence by measuring a 
background of non-specific cross-hybridization, discriminating homozygotes and 
heterozygotes, and/or genotyping. 
30 The present invention also provides a method of simultaneously detecting 

resistance in HBV to multiple drugs using the microarray, controlling the quality of the 
microarray, determining the presence and the ratio of more than one type and 
discriminating positive and false positive probes to target products. 
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Disclosure of the Invention 
According to an aspect of the present invention, there is provided a microarray 
including target probes immobilized on a support for detecting drug-resistance HBV. 
5 In the specification, the target probes mean any probes that can be specifically 

bind to target products, such as target genes, associated with HBV drug resistance in a 
sample. 

In the microarray of the present invention, the support may be any support 
commonly used in the fabrication of microarrays, such as a slide glass, a membrane, a 

10 semiconductor chip, a silicon, and a gel, but are not limited thereto. 

In the microarray of the present invention, the target probes may be any 
biomaterial capable of detecting a HBV and can be selected according to the type of 
the microarray. Preferably, the target probes are selected from cDNAs, 
oligonucleotides, DNA analogues, such as peptide nucleic acids (PNAs), locked nucleic 

15 acids (LNAs) and hexitol nucleic acids (HNAs), peptides, and proteins. 

In the microarray of the present invention, the target probes for drug-resistant 
HBV detection may be oligonucleotides that can specifically bind to a target gene 
inducing resistance to lamivudine and/or famciclovir. Preferably, the target probes 
may be oligonucleotides including the nucleotide sequences of point mutations at 

20 codons 528, 529, and 514 in domain B and at codons 552, 548, and 555 in domain C 
HBV DNA polymerase gene that induce resistance to lamivudine, and/or 
oligonucleotides including the nucleotide sequences of point mutations at codons 528 
and 529 in domain B and at codon 555 in domain C of the HBV DNA polymerase gene 
that induce resistance to famciclovir. More preferably, the target probes are at least 

25 one kind of oligonucleotides having SEQ ID NOs. 7 through 47. 

The microarray of the present invention may further comprise negative control 
probes for detecting the presence and ratio of more than one type, detecting positive 
and false positive probes by measuring a background of non-specific 
cross-hybridization, discriminating homozygotes and heterozygotes, and/or genotyping. 

30 The negative control probes may be prepared by substituting, inserting, or 

deleting at least one nucleotide sequence among the nucleotide sequences of the 
target probes not to be hybridized with a target product. Preferably, the negative 
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control probes comprise at least one kind of oligonucleotides having SEQ ID NOs. 48 
through 83. 

In the microarray according to the present invention, QC probes labeled with a 
fluorescent material having a different excitation/emission wavelength from a 
5 fluorescent material used to label the target product and target probes may be included 
in each spot. 

In the microarray according to the present invention, the QC probes may be 
oligonucletides having the same sequences as the target probes that have at least one 
nucleotide labeled with a fluorescent material, or arbitrary sequences that have at least 

10 one nucleotide labeled with a fluorescent material. 

In the microarray according to the present invention, the fluorescent material 
used to label the quality control probes may be at least one selected from the group 
consisting of Pyrene, Cyanine 2, GFP, Calcein, FITC, Alexa 488, FAM, Fluorescein 
Chlorotriazinyl, Fluorescein, Rhodamine 110, Oregon Green, Magnesium Green, 

15 Calcium Green, JOE, Cyanine 3 f Tetramethylrhodamine, TRITC, TAMRA, Rhodamine 
Phalloidin, Pyronin Y, Lissamine, ROX, Calcium Crimson, Texas Red, Nile Red, 
Cyanine 5, and Thiadicarbocyanine. 

The microarray according to the present invention may further comprise negative 
control probes for detecting the presence and ratio of more than one type, detecting 

20 positive and false positive probes by measuring a background of non-specific 
cross-hybridization, discriminating homozygotes and heterozygotes, and/or genotyping. 
in addition to the QC probes. The negative control probes and QC probes may be 
included in each spot. 

According to another aspect of the present invention, there is provided use of the 

25 above-described microarray to simultaneously perform at least one process selected 
from the group consisting of detecting a drug-resistant HBV, quality controlling probe 
immobilization and hybridization, detecting the presence and ratio of more than one 
type, detecting positive and false positive probes by measuring a background of 
non-specific cross-hybridization, discriminating homozygotes and heterozygotes, and 

30 genotyping. 

According to another aspect of the present invention, there is provided a HBV 
diagnostic kit comprising the above-described microarray according to the present 
invention. 
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According to another aspect of the present invention, there is provided a primer 
or probe for detecting HBV drug resistance, the primer or probe comprising one of 
nucleotide sequences having SEQ ID NOs. 1 through 47. 

According to another aspect of the present invention, there is provided a 
5 negative control probe for detecting the presence and ratio of more than one type, 
detecting positive and false positive probes by measuring a background of non-specific 
cross-hybridization, discriminating homozygotes and heterozygotes, and/or genotyping, 
the negative control probe being prepared by substituting, inserting, or deleting at least 
one nucleotide sequence among the nucleotide sequences of the target probes for 
10 detecting HBV drug resistance that have one of nucleotide sequences of SEQ ID NOs. 
7 through 47. For example, the negative control probe according to the present 
invention may have one of nucleotide sequences of SEQ ID NOs. 48 through 83. 

Throughout the specification, the sequences of oligonucleotides are described 
with reference to only one strand, primers or probes can be designed using any one of 
15 DNA double strands of target products. Therefore, both sense and antisense 
nucleotide sequences having the above-described SEQ ID NOs. lie within the scope of 
the present invention. 

Hereinafter, the present invention will be described in more detail. 
The present invention provides a microarray with target probes for HBV drug 
20 resistance immobilized on a support. The present invention also provides a method of 
fabricating a microarray by immobilizing a mixture of fluorescently-labeled QC probes or 
negative control probes and target probes for drug-resistant HBV detection in a 
predetermined ratio or a mixture of negative control probes, QC probes and target 
probes in a predetermined ratio on a support. The present invention provides a 
25 microarray fabricated using the method that includes fluorescently-labeled QC probes 
and negative control probes. 

In the microarray according to the present invention, the target probes for 
drug-resistant HBV detection and fluorescently-labeled QC probes or negative control 
probes are included in each spot on the support. The microarray may include a 
30 plurality of sets of spots on a support of the microarray, each set containing target 
probes, fluorescently-labeled QC probes and negative control probes for each target 
codon. A plurality of samples can be simultaneously tested for drug-resistant HBV 
detection and diagnosis using the microarray based on only one experiment. In 
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addition, using the microarray according to the present invention, it is possible to 
accurately and rapidly quality control the immobilization and hybridization of every 
probe in the manufacture of a microarray, to detect the presence and ratio of more than 
one type, and to discriminate positive and false positive probes to target products by 
5 measuring a background of non-specific cross-hybridization. 

In the present invention, instead of using the QC probes separately, some of the 
target probes may be labeled with a different fluorescent material and used as QC 
probes. In this case, probe immobilization and hybridization between target products 
and target probes can be verified using only one kind of probes. The fluorescent 

10 material used to label the QC probes has a different excitation/emission wavelength 
from the fluorescent material used to label the target products. By analyzing the QC 
probes on the microarray, which are labeled with a fluorescent material emitting light of 
a predetermined wavelength, prior to an assay for diagnostic or research purposes, the 
immobilization of target probes can be verified. In addition, the hybridization to the 

15 target probes immobilized on the support can be verified using the QC probes that do 
not cause spectral interference. 

In the present invention, any fluorescent material having a predetermined 
emission wavelength, which differs from the emission wavelength of a fluorescent 
material for target products, can be used to label the QC probes. For example, when 

20 Cy5 is used as a fluorescent material for detecting the coupling between the target 
products and target probes, Cy3 or TAMRA, which are fluorescent materials having 
different emission wavelengths from Cy5, can be used to label the QC probes. In the 
present invention, like target probes immobilized on a support, the QC probes may be 
oligonucleotides having nucleotide sequences that are complementary to the target 

25 products or arbitrary nucleotide sequences. At least one nucleotide of the 
oligonucleotide used as the QC probes can be labeled with the fluorescent material. 
Any region of the probe, such as 3'-terminal, S'-terminal, or a middle region, can be 
labeled with the fluorescent material. A spacer may be interposed or not between the 
nucleotide sequence of the QC probes and the fluorescent material. The spacer can 

30 be any biomolecules that can link the fluorescent materials and the probes without 
affecting hybridization. Examples of the spacer include C-3 linker, C-6 linker, C-6 
TFA linker, C-5 amino modifier, C-12 linker, Amino dT C2 linker, Amino dT C6 linker, 3 ! 
branched amino CPGs, 3' C3 amino modifier, 3' C7 amino modifier, 5' Thiol C-2 linker, 
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5' Thiol C-6 linker, 5' Thiol C-6 S-S, 3' Thiol C3, etc. In addition, another spacer may 
be interposed between the QC spacers and the support. This spacer can be any 
molecules that can link the probes and the support without affecting hybridization. 
Examples of the spacer that can be used for this purpose include C-3 linker, C-6 linker, 
5 C-6 TFA linker, C-5 amino modifier, C-12 linker, Amino dT C2 linker, Amino dT C6 
linker, 3* branched amino CPGs, 3' C3 amino modifier, 3' C7 amino modifier, 5' Thiol 
C-2 linker, 5' Thiol C-6 linker, 5' Thiol C-6 S-S, 3' Thiol C3, etc. 

In the microarray according to the present invention, the QC probes and target 
probes are included in each spot. The microarray according to the present invention 

10 may include other kinds of target probes according to the purpose of use. Using the 
above-described QC probes, whether probes have been immobilized or not, the status 
of the immobilized probes, such as spot pattern and concentration, etc., and the 
hybridization of target products can be verified. 

In the microarray according to the present invention, the target probes and 

is negative control probes are included in each spot. In the present invention, in addition 
to the target probes having nucleotide sequences with which a wild type and a mutant 
in a codon of a target gene can be detected, negative control probes are constructed by 
modifying at least one nucleotide of the nucleotide sequence of each of the target 
probes using a method such as substitution, insertion, deletion, etc. not to be hybridized 

20 with target products. The negative control probes can be biological materials such as 
cDNA, oligonucleotides, PNA, peptides, proteins, etc., which are selected according to 
the type of the microarray. 

In the present invention, the target probes for drug-resistant HBV detection can 
be oligonucleotides having nucleotide sequences that can specifically bind to a 

25 drug-resistant target gene, such as target nucleotide sequences that induce resistance 
to, for example, lamivudine, famciclovir, etc. Preferred examples of oligonucleotides 
for the target probes include an oligonucleotide including the nucleotide sequence of a 
HBV DNA polymerase gene with point mutations at codons 552, 548 and 555 in YMDD 
motif of domain C and at codons 528, 529 and 514 in domain B that induce resistance 

30 to lamivudine, and an oligonucleotide including the nucleotide sequence of a HBV DNA 
polymerase gene with point mutations at codons 528 and 529 in domain B and at 
codon 555 in domain C that induce resistance to famciclovir. More preferred 
examples of oligonucleotides for the target probes include oligonucleotides of SEQ ID 

ll 



WO 2005/012573 



PCT/KR2004/001940 



NOs. 7 through 47 (for lamivudine resistance detection), oligonucleotides of SEQ ID 
NOs. 15 through 25 (for famciclovir resistance detection), and oligonucleotides of SEQ 
ID NOs. 45 through 47 (for famciclovir resistance detection). 

In most lamividine-resistant variants, YMDD motif (tyrosine-methionine- 
5 aspartate-aspartate) in domain C of the HBV DNA polymerase gene is changed to 
YVDD (M52V) with valine substituting methionine at codon 552 or YIDD (M552I) with 
isoleucine substituting methionine at codon 552. Due to such a change of the bases, 
lamivudine cannot suppress the function of the HBV DNA polymersase any longer. 
The substitution of methionine by isoleucine or valine leads to shorter side chains and 

10 reduces the binding affinity of lamivudine by changing a binding pocket therefor, 
thereby suppressing the function of the HBV DNA polymerase. HBV resistance is 
also known to occur from a mutation (L528M) with methionine substituting leucine at 
codon 528 in conversed domain B of the polymerase gene. Accordingly, 
lamivudine-resistance related mutations are roughly classified into either group I with 

15 double mutations in domains B and C (L528M and M552V) or group II with a single 
mutation in domain C (M552I) (Nafa S, Ahmed S, Tavan D, Pichoud C, Berby F, and 
Stuyver L, et al. Hepatology, 32: 1078-1088, 2000, Fabien Zoulim. J Clin Virol., 21: 
243-253, 2001). Codon 528 in domain B and codon 555 in domain C of the HBV DNA 
polymerase gene are associated with resistance to famciclovir, which is another 

20 nucleoside analogue (Xiong X, Yang H, Westland CE, Zou R, and Gibbs CS. 
Hepatology. 31: 219-224, 2000, Anna S. F. Lok, Fabien Zoulim, Stephen Locarnini, and 
Alessandra angia, et al. J Clin Microbiol., 40: 3729-3734, 2002). In addition to codons 
552 and 528, codons 514, 529 and 548 are related with resistance to lamivudine and 
famciclovir. In addition to valine and isoleucine, serine at codon 552 is known to be 

25 associated with a mutation inducing resistance to lamivudine (Karl P. Fischer, Klaus S. 
Gutfreund, and D. Lome Tyrrell. Drug Resist Updat. 4: 118-128, 2001, Chau-Ting Yeh, 
Rong-Nan Chien, Chia-Ming Chu, and Yun-Jan Liaw. Hepatology. 31: 1318-1326, 2000, 
Hubert G. M. Niesters, Robert A. de Man, and Suzan D. Pas, et al. J. Med. Microbiol. 
51 : 659-699, 2002). 

30 Using the microarray according to the present invention, drug resistance induced 

by a point mutation in a limited domain can be easily detected by DNA hybridization or 
reverse hybridization (Rossau R., Traore H., De Beenhouwer H., Mijs W., Jannes G., 
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De Rijk P., Portaels F. Antimicrob Agents Chemother, 41: 2093-2098, 1997). When 
using reverse hybridization, a drug-resistant mutant can be detected in a virus including 
both a wild type and a mutant earlier than using a sequencing method, and the wild 
type and the mutant can be identified (Anna S. F. Lok, Fabien Zoulim, Stephen 
Locarnini, and Alessandra Mangia, et al. J Clin Microbiol, 40: 3729-3734, 2002). 

A method of detecting HVB drug resistance according to the present invention is 
based on the detection of a mutation in sequences that response to drugs. A 
microarray used in the method is manufactured using a pin or inkjet microarrayer, which 
is commonly used in the field, by immobilizing probes designed to detect a wile type 
and a mutant in a target nucleotide sequence of an antiviral drug onto a solid support. 
The detection method according to the present invention allows simultaneous detection 
of various mutations using only one experiment and is more rapid, accurate and 
convenient than conventional costly drug-resistance detection methods requiring skillful 
technicians, thereby enabling earlier effective HBV treatment. 

The present invention also provides a method of detecting HBV drug resistance 
using a microarray and simultaneously controlling the quality of the microarray and a 
method of determining the presence and ratio of more than one type and discriminating 
positive and false positive probes to target products. In particular, a mixture of target 
probes and QC probes is immobilized on a support such that each spot contains both 
target and QC probes and hybridized with target products. By detecting whether the 
target products have coupled with the probes, it is possible to detect a drug-resistant 
HBV and simultaneously control the quality of spotting and hybridization on the 
microarray. It is also possible to determine the presence and ratio of more than one 
type, for example, a wild type and a mutant, in a codon and to discriminate positive and 
false positive probes from non-specific cross-hybridization. 

The present invention also provides a HBV diagnostic kit including the 
microarray. In addition to the microarray, the diagnostic kit according to the present 
invention may further includes a hybridization reaction solution, a PCR kit containing 
primers for amplifying target products, a unhybridized-DNA washing solution, a cover 
slip, a dye, a undyed product washing solution, a user manual, etc. 

The present invention will be described in greater detail with reference to the 
following examples. The following examples are for illustrative purposes and are not 
intended to limit the scope of the invention. 
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Effect of the Invention 
As described above, the present invention provides an assay method using a 
microarray in which target probes for HBV drug resistance detection, QC probes 
5 labeled with a fluorescent material, and negative control probes for detecting the 
presence of more than one type and discriminating positive and false positive probes 
are immobilized on a support such that each spot contains the target probes and QC 
probes or negative control probes, and a HBV diagnostic kit using the microarray. Use 
of the microarray according to the present invention allows easy, accurate control of the 

10 quality of hybridization and target probes immobilized on the support, detection of 
resistance to drugs, such as lamivudine, famciclovir, etc., and discrimination of positive 
and false positive probes by measurement of a background of non-specific 
cross-hybridization, all based on only one experiment. Since each spot on the 
microarray contains both the target probes and QC probes, whether the target probes 

15 have been hybridized, the status of the target probes, such as pattern, concentration, 
etc., and factors affecting hybridization can be detected to control the quality of the 
microarray while detecting resistance to drugs, such as lamivudine, famciclovir, etc. In 
addition, since the QC probes are mixed with the negative control probes, whether the 
negative control probes have been immobilized, the status of the negative control 

20 probes, such as pattern, concentration, etc., the presence and ratio of more than one 
type, such as a wild type and a mutant, in a codon, can be detected, and positive and 
false positive probes can be discriminated by measuring a background of non-specific 
cross-hybridization. The negative control probes can be used in other microorganisms, 
in addition for the detection of a wild type and a mutant in HBV, and for genotyping and 

25 discriminating homozygotes and heterozygotes. In addition, since a plurality of sets of 
probes are immobilized on a support, HBV drug resistance can be detected using 
multiple samples based on only one experiment, thereby reducing the diagnosis time 
and cost compared to existing commercialized methods. Both a wild type and a 
mutant cannot be simultaneously detected using conventional methods such as 

30 sequencing, whereas even more than two mutants can be detected using the 
microarray according to the present invention with high sensitivity. The rapid, accurate, 
convenient detection of mutants enables earlier drug resistance detection and effective 
HBV treatment. 
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EMBODIMENTS 
Example 1 : HBV PNA isolation 

A blood sample taken from a HBV carrier was stored in a refrigerator for 1 hour 
5 for coagulation and subjected to centrifugation at 3000 rpm for 5 minutes to separate 
serum. The separated serum was stored at -70*0, and 200 /xL of HBV DNA was 
extracted from the serum using a QIAmp DNA Blood Mini Kit (QIAGEN Inc., CA, USA) 
and used as a template DNA for polymerase chain reaction (PCR). 

10 Example 2: HBV Detection and Preparation of Target Probes for Drug-resistant 

HBV Detection 

Oligonucleotide probes and primers used in the present invention were prepared 
by synthesizing probes each including 15-25 nucleotides with a dT spacer of a length of 
C6-15 at S'-terminal (5-Amino-Modifier C6-15) using a Perkin Elmer DNA synthesizer 
15 (USA) and isolating by PAGE. The prepared target probes and primers are listed in 
Table 1 below. 

In Table 1, SEQ ID NOs. 1 through 6 are forward and reverse primers for HBV 
DNA polymerase gene, SEQ ID NOs. 1 and 2 are outer primers for primary PCR, and 
SEQ ID NOs. 3 through 6 are biotin-Iabeled inner primers. SEQ ID NOs. 7 through 14 

20 are probes for lamivudine detection, SEQ ID NOs. 7 and 8 are probes for detecting a 
wild type at codon 514, and SEQ ID NOs. 9 through 14 are probes for detecting a 
mutant at codon 514. SEQ ID NOs. 15 through 25 and NOs. 45 through 47 are probes 
for detecting lamivudine and famciclovir, SEQ ID NOs. 15 and 16 are probes for 
detecting a wild type at codon 528, SEQ ID NO. 17 is a probe for detecting a mutant at 

25 codon 528, SEQ ID NOs. 18 through 21 are probes for detecting a wild type at codon 
529, SEQ ID NOs. 22 through 25 are probes for detecting a mutant at codon 529, SEQ 
ID NOs. 45 and 46 are probes for detecting a wild type at codon 555, SEQ ID NO. 47 is 
a probe for detecting a mutant at codon 555, SEQ ID NOs. 26 through 44 are probes 
for detecting lamivudine, SEQ ID NOs. 25 through 29 are probes for detecting a wild 

30 type at codon 548, SEQ ID NOs. 30 through 33 are probes for detecting a mutant at 
codon 548, SEQ ID NO. 34 is a probe for detecting a wild type at codon 552, and SEQ 
ID NOs. 35 through 44 are probes for detecting a mutant at codon 552. 
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Table 1 . Target probes and primers for drug-resistant HBV detection 
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Example 3: Preparation of Fluorescent dve-labeled QC probes 

A fluorescent material having an emission wavelength different from a 
fluorescent material used for target probes is selected to label QC probes. For 
5 example, when Cy5 is used with an emission filter for 670 nm to detect the binding of 
target products and target probes on an oligonucleotide chip, Cy3 or TAMRA, which 
have emission wavelengths near 570 nm, can be used when synthesizing QC probes. 
When both Cy3 and Cy5 are used to label target probes on a cDNA chip, a fluorescent 
material having a different emission wavelength from Cy3 and Cy5 is used when 
10 synthesizing QC probes. 

In the present invention, the fluorescent material used to label QC probes 
includes, but is not limited to, at least one of materials listed in Table 2 that have 
different emission wavelengths from a fluorescent material used to label target 
products. 

15 

Table 2. Fluorescent materials that can be used in microarray for QC 
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In this example, Cy5 was used as a fluorescent material for target probes and 
TMARA was used as a fluorescent material for QC probes expressed as 
5 S'-Amino-Modifier C6 20-50 mer-TAMRA QC probes. The QC probes used in the 
present invention have the following sequences. 

5'-TTT TTT TTT TTT TTT TTT TTT TTT TTT TTT-TAMRA-3' 

5'-TTT TTT TTT TTT TTT Tgg Tgg ggT gTg gTg TTT gA-TAMRA-3' 

As shown in FIG. 2, the QC probes used in the present invention, which have the 
10 same sequence as the target probes or an arbitrary sequence and immobilized on a 
support with a spacer, may be directly labeled with the fluorescent material or with a 
spacer between the nucleotides and the fluorescent material. 

Example 4: Preparation of negative control probes 
15 Negative control probes used in the present invention were prepared in the same 
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manner as for the target probes but to have nucleotide sequences different from the 
target probes. The nucleotide sequences of the negative control probes were 
designed by modifying the nucleotide sequences of the target probes for each codon by 
substitution, insertion, deletion, etc. The negative control probes used in the present 
5 invention have SEQ ID NOs. 18 through 53 in Table 4 below. The negative control 
probes in Table 4 are listed for exemplary purpose and not limited thereto, and thus can 
be modified further by substitution, insertion, deletion, etc., in at least one nucleotide 
sequence. 

In Table 3, SEQ ID NOs. 48 through 54 are negative control probes for codon 
10 528, SEQ ID NOs. 55 through 67 are negative control probes for codon 552, and SEQ 
ID NOs. 68 through 83 are negative control probes for codon 555. 

Table 3. Negative control probes 
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Example 5: Probe immobilization on support 

Each of the target probes prepared in Example 2 and the negative control 
5 probes prepared in Example 4 was diluted to a concentration of 30-50 pmol and 
transferred to positions of a 96-weII microplate illustrated in b) and c) of FIG. 1. 1-5 
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pmol of the QC probes prepared in Example 3 and a micro-spotting solution or a 3X 
SSC solution were added to each of the wells and mixed. Although 1 pmol of the QC 
probes and 50 pmol of the negative control probes were used in this example, the ratio 
of mixing these probes can be varied within a range in which the QC probes do not 
affect detected results. The mixture of the probes was spotted onto a slide glass 
(membrane) used as a substrate using a microarrayer (Cartesian Technologies, 
PLXSYS 7500 SQLX Microarrayer, U.S.A.). Two spots of each kind of the probes 
were attached to the support and left in a slide box at room temperature for 24 hours or 
in a dry oven at 50*0 for about 5 hours to be fixed to the surface of the support. 

Example 6: Preparation of target products 

To amplify target products for drug-resistant HBV detection, forward and reverse 
primers labeled with biotin in Example 2 were used. Amplification was performed up 
to about 200 bp to include codon 514 in domain B and codon 555 in domain C of the 
HBV polymerase gene of the DNA extracted in Example 1 . In this example, primary 
PCR was carried out using primers BF105 and BR1 12 and secondary PCR was carried 
out using primers HB-F2 and HB-R2. 

In particular, 4 fd of the HBV DNA separated in Example 1 was mixed with 
primers BF105 and BR1 12 to obtain 25 fd of a PCR solution. After the PCR solution 
was reacted at 94°C for 4 minutes for sufficient denaturation, 30 cycles of amplification 
at 94 °0 for 1 minute, at 58 1; for 1 minute, and at 72 °C for 1 minute were carried out 
and followed by a single final extension at 72 1 for 10 minutes. Secondary PCR was 
carried out using 2 fd of the primary PCR products and biotin-labeled HB-F2 and 
HB-R2 under the same conditions as for the primary PCR. 

Example 7: Assessment of Probe Immobilization Quality 

The degree of immobilization of the probes on the slide and the status of the 
immobilized probes before washing were investigated. After the immobilization of the 
probes on the microarray in Example 5, whether the probes had been successfully 
immobilized on the slide and the status of spots of the probes were analyzed using a 
laser scanner. FIGS. 3A through 3E show the scanned results, and FIG. 4 shows the 
result of scanning a microarray after probe immobilization and before washing, which 
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was manufactured in the same manner as in Example 5 except that no QC probes were 
used. 

Example 8: Unimmobilized probe washing 
5 The slide glass after the process in Example 5 or 8 was washed with a 0.2% 

SDS buffer solution and then distilled water at room temperature to remove 
unimmobilized probes. The washed slide glass was immersed in a sodium 
borohydride (NaBH 4 ) solution for 5 minutes and then washed again at 100°C. Final 
washing with a 0.1% SDS solution and then distilled water was followed by 
10 centrifugation to fully dry the slide glass. 

Example 9: Hybridization and Staining 

The biotin-labeled target products prepared in Example 6 were thermally treated 
to be denaturated into single strands and cooled to 4*0. A hybridization reaction 

is solution containing 1—5 id of the target products was mixed with a dye (20 SSPE 
3 fd, 22.2M Formamide 1.35/^U, Bovine serum albumin 0.5 /d 9 Salmon sperm DNA 
0.1 id, Cy5-streptavidin (Amersharm Pharmacia Biotech, U.S.A.) 0.06 id) to obtain 10 fd 
of a reaction solution. This hybridization reaction solution was portioned on the slide 
glass after the process in Example 8, and the slide glass was covered with a cover slop 

20 to block light and reacted at 40 °C for 30 minutes. 

Example 10: Unhvbridized target product washing 

To wash out unhybridized target products, the cover slip was removed using a 2X 
SSC washing solution (300mm NaCI, 30mm Na-Citrate, pH 7.0), and the slide was 
25 washed with 2X SSC and then 0.2X SSC, followed by centrifugation to fully dry the slide 
glass. 

Example 1 1 : Result analysis 

The hybridized result was scanned using a non-confocal laser scanner (GenePix 
30 4000A, Axon Instruments, U.S.A.) and analyzed by image analysis. 

FIGS. 1A and 1B illustrate microarrays according to embodiments of the present 
invention. In particular, in FIG. 1 A, a) illustrates a microarray with a plurality of sets of 
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spots on a support, each set containing target probes for drug-resistant HBV detection 
and QC probes, b) illustrates a set of probes among the sets of a) immobilized on the 
microarray, c) illustrates the types of the probes of b) immobilized on the microarray. 

In FIG. 1B, a) illustrates a microarray with a plurality of sets of spots on a support, 
each set containing target probes for drug-resistant HBV detection, QC probes, and 
negative control probes for determining the presence and ratio of more than one type of 
HBV and for non-specific cross-hybridization background measurement, b) illustrates a 
set of probes among the sets of a) immobilized on the microarray, and c) illustrates the 
types of the probes of b) immobilized on the microarray. 

In FIGS. 1A and 1B, T n denotes a positive control probe, U QC W denotes a quality 
control probe, "N1" through "N4" denote negative control probes for codons, and 
"528WL" denotes the fact that probes 528WL1 and 528WL2 are mixed. Due to 
positional difference between point mutations YVDD and YIDD at codon 552, wild type 
(YMDD) probes having a difference (mer) in length were constructed. Wild type 
probes 528WL1 and 528WL2 for codon 528 were immobilized on the same position. 
Negative control probes were constructed for individual codons and point mutations 
YVDD and YIDD at codon 552. This exemplary layout of the probes can be varied. 

FIG. 2 illustrates QC probes labeled with a fluorescent dye that can be used to 
detect the immobilization and hybridization of the probes. In particular, one of the QC 
probes, which are spaced above a support by a spacer, has the nucleotide sequence of 
a target probe or an arbitrary nucleotide sequence directly labeled with the fluorescent 
dye, and the other QC probe has a spacer between the nucleotide sequence and the 
fluorescent dye. The nucleotide sequence of the QC probes (n-mer) labeled with the 
fluorescent dye is the same as the nucleotide sequence of the target probe or an 
arbitrary nucleotide sequence. 

FIGS. 3A through 3E show the results of scanning slide glasses before washing 
after the immobilization of a mixture of QC probes and target probes in a predetermined 
ratio or a mixture of target probes, QC probes and negative control probes in a 
predetermined ratio to determine whether the probes have been successfully 
immobilized or the status of the immobilized probes. The shapes or sizes of the spots 
are almost the same but the sizes of the spots may vary depending on the type of the 
support. FIG. 3A illustrates that the shape and concentration of probes immobilized on 
the slide are excellent. FIG. 3B illustrates a case where a plurality of probes 
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conglomerate due to a problem in an immobilization process so that the shapes and 
concentrations of the immobilized probes are irregular. FIG. 3C illustrates a case 
where the shapes and concentrations of the immobilized probes are irregular and some 
probes are not immobilized on the slide. In the cases of FIGS. 3B and 3C, final 
experimental results are greatly influenced so that the concentration and shape of the 
probes immobilized on each of the slides are varied after the immobilization is complete. 
FIGS. 3D through 3E illustrate the results of scanning slide glasses before washing 
after the immobilization of a mixture of target probes and negative control probes in a 
predetermined ratio. In FIG. 3D, all the probes are optimally immobilized on the slide 
glass. In FIG. 3E f some of the probes have irregular shapes and concentrations. 

FIG. 4 illustrates the results of scanning a slide glass before washing after the 
immobilization of only target probes for drug-resistant HBV detection without QC probes. 
Unlike the results in FIGS. 3A through 3E, since no QC probe has not been immobilized, 
no information can be obtained from each of the spots. 

FIGS. 5A, 5B, and 5C illustrate the results of hybridization specific to probes for 
drug-resistant HBV detection. FIG. 5A illustrates the result of hybridization using a 
drug-susceptible wild type HBV. In this case, hybridization occurred in positive control 
probes, 528WL1, YMDD, and 555WV among the target probes in c) of FIG. 1A. FIG. . 
5B illustrates the result of hybridization using a mutant with valine (GTG) substituting 
methionine (ATG) at codon 552. In this case, hybridization occurred in positive control 
probes, 528WL1, YVDD, and 555WV among the target probes in c) of FIG. 1A. FIG. 
5C illustrates the result of hybridization using a mutant with ATT (YIDD3), which is one 
of three kinds of isoleucines ATA(YIDD1), ATC (YIDD2), and ATT (YIDD3) substituting 
methionine at codon 552. In this case, hybridization occurred in positive control 
probes, 528WL1 , YIDD3, and 555WV among the target probes in c) of FIG. 1 A. As is 
apparent from the results, using a microarray according to the present invention, 
susceptibility to drug can be identified, and different types of mutants can be rapidly 
and accurately detected. 

FIGS. 6A, 6B, and 6C illustrate the results of hybridization using viruses 
including more than two types. FIG. 6B illustrates the detected result of hybridization 
using a virus including a wide type YMDD and a mutant YVDD at codon 552. In this 
case, positive control probes, 528WL1, and 555WV among the target probes in c) of 
FIG. 1A were detected. Hybridization reaction occurred in both YMDD and YVDD at 
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codon 552. FIG. 6B illustrates the detected result of hybridization using a virus 
including a mutant at codon 528 and a mutant at codon 552. In this case, positive 
control probes, 528MM, YVDD, and 555MV among the target probes in c) of FIG. 1A 
were detected. FIG. 6C illustrates the detected result of hybridization using a virus 
5 including three types of mutants, 528MM at codon 528 and YVDD and YIDD3 at codon 
552. In this case, positive control probes, 528MM, YVDD, YIDD3, and 555WV among 
the target probes in c) of FIG. 1A were detected. As is apparent from the results of 
FIGS. 6A through 6C, using a microarray according to the present invention, a wild type 
and a mutant or different types of mutants in the same codon, as well as a single type 

10 in a codon as illustrated in FIGS. 5A through 5C, can be accurately detected. 

FIGS. 7A and 7B illustrate the results of nucleotide sequencing when mutants 
YVDD and YIDD3 exist at codon 552 as in FIG. 6C. In FIG. 7A, only YIDD3 between 
the two types appears. In FIG. 7B, point mutation sites at which nucleotide sequences 
cannot be detected are denoted by "N". FIG. 7C shows the result of an assay using 

15 the microarray according to the present invention when two types of mutants exist. 
The mutation of the used HBV DNA was experimentally identified to be restriction 
fragment length polymorphism including YVDD and YIDD3. As is apparent from the 
results of FIGS. 6A through 6C, when two or more types of mutants exit, the types of 
the mutants can be accurately detected using the microarray according to the present 

20 invention. Most HBVs include two or more types of genes therein, and thus it is 
important to accurately detect all the types of the genes for treatment with anti-viral 
drugs lamivudine and famciclovir. The microarray according to the present invention is 
very useful for this purpose. 

FIGS. 8A through 8D illustrate the results of non-specific cross-hybridization 

25 background measurements using negative control probes. FIGS. 8A and 8B illustrate 
the results of scanning the microarray of FIG. 1B. In FIG. 8A, probes attached to a 
non-spot region appear, and the concentrations of the attached probes are inconstant. 
In FIG. 8B, no 555M2 probe appears because that probe has been removed from the 
microarray in spotting and washing processes. FIGS. 8C and 8D illustrate the results 

30 of hybridization using microarrays for drug-resistant HBV detection. Since the presence 
and ratio of a wild type and a mutant, or more than one mutant at a single codon cannot 
be identified from the scanned images, quantitative fluorescence data of each of the 
probes immobilized on the micoarrays for drug-resistive HBV detection are also 
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provided. The levels of fluorescence from the probes can be read from normalized 
fluorescent signals. The presence and ratio of more than one type in each codon can 
be identified from the levels of fluorescence of negative control probes. It also can be 
determined whether each probe is positive or false positive. 
5 It is apparent from FIG. 8C that a wild type exists at codon 518 and mutants 

YMDD and YVDD exist at codon 552. The mixed type cannot be detected in the 
image. FIG. 8D shows that a mixed type (wild type and mutant) exits at codon 528 
and YMDD (wild type) and YVDD and YIDD2 (mutants) exit at codon 552. When 
determining whether probes are positive or false positive, the probe is determined to be 

10 positive if the fluorescence of each target probe is greater than the fluorescence of 
probe 3, which is a negative control probe N1 for codon 528), probe 9, which is a 
negative control probe N2 for YVDD, probe 1 5, which is a negative control probe N3 for 
YIDD, and probe 21, which is a negative control probe N4 for codon 555. Otherwise, 
the probe is determined to be negative. 

15 Using negative control probes on a microarray according to the present invention, 

a background of non-specific hybridization can be measured to discriminate positive 
probes, which react with target products, and false positive probes involved in 
non-specific hybridization. In addition, positive probes can be accurately detected 
when only one or more than one type exists in a single codon. Furthermore, 

20 homozygotes and heterozygotes can be discriminated and genotyped based on the 
method and principles of detecting a wild type and mutants in a codon. 



